Summary. The 
Introduction
Most of the progesterone circulating in the blood of mammals is protein-bound, either unsaturably with low affinity to albumin or saturably with greater affinity to proteins such as glucocorticoid binding globulin (CBG) . However, it is possible that progesterone is bound to other proteins because during human pregnancy as much as 40% of the circulating hormone is bound to 'unassigned proteins' which are neither albumin nor CBG (Rosenthal, Slaunwhite & Sandberg, 1969) . Furthermore the plasma and corpus luteum of cows and sheep contain two proteins which bind progesterone with affinities between that of albumin and CBG (Willcox, 1979; Willcox, 1983) . The proteins are distinguishable on sucrose gradients and on columns of hydroxylapatite from other circulating proteins which bind steroids. Pregnenolone, 5a-pregnanedione, deoxycorticosterone and 17a-bydroxyprogesterone compete with progesterone for binding to ruminant proteins, whereas oestrogens and cortisol do not. The function of these proteins is unknown but their presence in the ovary as well as in blood is consistent with a proteinmediated mechanism for secretion of progesterone in ruminants (Gemmell, Stacy & Thorburn, 1974; Parry, Willcox & Thorburn, 1981; Willcox & Alison, 1982) .
This study set out to establish whether the plasma of female rats contains progesterone-binding proteins similar to those found in ruminants, and to determine whether these proteins were ovarian in origin. Preliminary results have been reported (Willcox & Bruce, 1981) . . The concentrations in plasma and column fractions of protein and endogenous progesterone remaining after charcoal treatment were determined by fluorometry (Bohlen, Stein, Dairman & Udenfriend, 1973) and by radioimmunoassay, respectively, and were included in the analysis of the data according to Scatchard (1949) . The experimentally determined curve was resolved into its high-and low-affinity binding components (Chamness & McGuire, 1975) and the slope of the high-affinity line was obtained by least-squares regression analysis (Snedecor & Cochran, 1980) .
Results

Progesterone binding in rat plasma
The presence of binding activities specific for progesterone in ovarian venous plasma and arterial plasma from pregnant rats, and in arterial plasma from rats in dioestrus, was investigated. Fractions (3 ml) (Westphal, 1970 fig. 3 ). Equilibrium dialysis showed that the progesterone-binding properties of unfractionated and fractionated plasma from these ovariectomized rats were unchanged from those of intact rats (Table 1) . 
Discussion
Our results show that in addition to CBG and albumin the plasma of female rats contains two binding proteins for progesterone analogous to those found in luteal extracts and plasma from cows and sheep (Willcox, 1979 (Willcox, , 1983 . The rat proteins were recovered from columns of hydroxylapatite at 40 mM-phosphate (peak II) and 150 mM-phosphate (peak V) compared to 40 and 100 mM-phosphate, respectively, for the ruminant proteins.
We identified three progesterone-binding activities in rat plasma by chromatography and equilibrium dialysis of the protein peaks obtained. Addition of radioactive progesterone and cortisol or corticosterone to plasma before chromatography revealed a binding activity for all three steroids in peak I, which consisted of those proteins (including CBG and albumin) and small molecular weight solutes not adsorbed to hydroxylapatite, and a binding activity for progesterone only in peak II (Text-figs 1 & 2). Progesterone apparently dissociated during chromatography since equilibrium dialysis of all 7 protein peaks from the column revealed the presence of a third progesterone-binding activity (peak V) eluted at 150 mM-phosphate (Table 1 ). Scatchard analysis of these steroid-binding activities was consistent with the presence of a single high-affinity binding component in each peak.
CBG and albumin are present in rat plasma and bind progesterone (Seal & Doe, 1965; Westphal, 1970) . However, a number of factors indicate that the progesterone-binding activities associated with peaks II and V are different from CBG and albumin. Firstly, the association constants of the former for progesterone at 4°C were of the order of 1061/mol, which is between that reported for CBG (1081/mol) and albumin (104 1/mol). Secondly, albumin comprises about half of the protein in plasma whereas only 6-12% of the protein in ovarian venous and arterial plasma was recovered in peaks II and V after chromatography (Text- fig. 2 ). Thirdly, albumin and CBG are not adsorbed to hydroxylapatite and bind glucocorticoids as well as progesterone (Muldoon & Westphal, 1967) . Fourthly, the binding of progesterone and corticosterone by CBG in peak I was reduced by heating whereas albumin in peak I bound progesterone, corticosterone and oestradiol-17ß unsaturably over a 5 M concentration range. Therefore, the progesterone-binding activity in peak I from the hydroxylapatite column was due probably to CBG and albumin since added cortisol and corticosterone were recovered entirely with this peak (Text- fig. 1 ) and its equilibrium association constant for the high-affinity binding of progesterone (Ka = 4-6-6-1 x 1081/mol, Table  1 ) was similar to that reported for rat CBG (5 IO8 1/mol; Westphal, 1970 Table 2 ). For example, 20a-dihydroprogesterone, the second most abundant progestagen in rat plasma after progesterone, deoxycorticosterone and 17a-hydroxyprogesterone were strong competitors whereas testosterone, pregnenolone and 5a-pregnanedione competed less well. Furthermore, oestrogens and glucocorticoids did not compete with progesterone for binding. A similar pattern of relative steroid affinities was observed for the progesterone-binding proteins of the bovine corpus luteum, except that pregnenolone and 5a-pregnanedione were bound more strongly .
The capacity of the binding protein in peak V after dialysis for 24 h was much less than that of the binding protein in peak II. However, the affinities and capacities of the progesterone-binding activities in both peaks were variable (Table 1) , and differences in these values between ovarian and arterial plasmas, or between pregnant and non-pregnant rats, were not discernible. The binding proteins may have lost activity during chromatography and prolonged dialysis in diluted form. The steroid-binding properties of the proteins found in ruminants were unaffected by the presence or absence of sulphydryl groups or protease inhibitors, but were reduced by freezing and thawing, freeze-drying or gel filtration in the absence of progesterone (Willcox, 1979; . It is therefore difficult to extrapolate the binding capacities of the rat proteins determined by equilibrium dialysis in dilute solution to the amount of hormone that they may bind in the blood of living rats.
The biological function of these binding proteins is presently unknown but they may be involved in secretion of progesterone from the ovary and/or in the transport of the hormone in blood. It has been suggested that the ruminant proteins are taken up by, or synthesized in, the corpus luteum and are then secreted into blood bound to progesterone, where they act as carrier proteins for the hormone together with CBG and albumin (Willcox, 1979 Our results suggest that rat luteal cells do not synthesize the progesterone-binding proteins found in plasma unless they have half-lives in blood of the order of weeks rather than days. If this is the case, their plasma concentration would have dropped insufficiently 5-6 days following ovariectomy for us to have detected it. Half-lives of this order for these proteins are possible since the half-life of rat albumin is 2-67 days (Schreiber, Urban, Zahringer, Reutter & Frosch, 1971 ).
It has not been determined whether the rat corpus luteum contains progesterone-binding proteins analogous to those found in the corpora lutea of ruminants. When bovine luteal slices were incubated in vitro secretion of progesterone was enhanced by the addition of serum proteins to the medium (Condon & Pate, 1981) and, in another study, binding proteins were secreted concomitantly with progesterone (Willcox & Alison, 1982) . Therefore, it is possible that rat luteal cells do not synthesize the binding proteins but take them up from blood and secrete them bound to progesterone as a macromolecular complex. These questions, and the structural relatedness of the progesterone-binding proteins to each other and to other circulating proteins, remain to be
